Autopsy remains the most reliable tool to study mortality causes. This project was conducted to study toxicological findings in relation to gender, age, manners and causes of death among autopsied cases from 2013-2018 in the Northern Border province of Saudi Arabia.
Abstract
Autopsy remains the most reliable tool to study mortality causes. This project was conducted to study toxicological findings in relation to gender, age, manners and causes of death among autopsied cases from 2013-2018 in the Northern Border province of Saudi Arabia.
All police, hospitals, toxicology laboratory and autopsy reports related to the autopsied cases within the period of the study were revised.
Among 908 autopsied cases during the study period, 144 autopsies (15.8%) showed positive toxicological findings (136 males; 94.4%) and 8 females (5.4%). Positive toxicological findings were significantly more common in cases aged 20-40 years (p<0.0001) without a significant gender difference (p=0.116). The commonest toxicological finding was alcohol 55 (6.5%) cases followed by cannabis in 27 (2.9%) cases, while 19 (2.1%) cases showed carboxylhemoglobin ≥10%. Most deaths with positive toxicological screens (98 cases; 68.1%) were reported to be accidental. Six cases were recorded as carbon monoxide poisoning (COP), 3 cases were recorded as alcohol toxicity, and 2 cases were registered as hypertensive induced brain haemorrhages. Brain haemorrhages and aspiration pneumonia were reported among deaths related to alcohol, while intraventricular brain haemorrhage was the cause of death in amphetamine deaths. Cherry red hypostasis and pulmonary edema were found among COP deaths.
In conclusion, positive toxicology data were found in a considerable percent of autopsied cases, and they can contribute directly or indirectly to identifying the cause of death. Hence, toxicological screening is mandatory in all suspected deaths and screening should not be neglected in cases with absent suggestive autopsy findings. drugs and illicit substances may facilitate sexual assault and murder by decreasing their expected vocal and physical resistance [10] .
Data regarding poison-realated related deaths are deficient in Saudi Arabia with few published data such as data reported from the Eastern Province Toxicology Center [16] .
Autopsy remains the most reliable medical tool to study mortality causes, including poisoning-related deaths. This study was conducted to determine the data from toxicological investigations of the autopsied cases in the Northern Border Region in Saudi Arabia from 2013-2018 in relation to gender, age, manners and causes of death with postmortem positive toxicological findings.
Materials and Methods

Data collection
According to laws in Saudi Arabia, all suspected unnatural deaths are reported to the police for further investigation into the cause of death for any suspected homicide.
In these cases, forensic experts are consulted. Samples for toxicological screening are routinely taken from all autopsied cases. The cause of death is defined by the forensic expert after revising the toxicological report issued by the authorized toxicology laboratory, as these results can change the interpretation of the data in some cases, especially cases with obscure causes of death or road traffic victims and murdered adults who may be under the effect of sedation caused by illicit drugs. In cases of suspected poisoning with clear findings, the toxicological data is mandatory to support the autopsy findings, as chemical analysis is the most confirmatory method for the diagnosis of poisoning.
In this study, all postmortem data at the Forensic Medicine Center in the Northern Border Province were reviewed from the start of January 2013 until the end of December 2018. All postmortem reports with positive toxicological data for illicit drugs, ethanol, CO and other chemicals were identified. Demographic data, autopsy findings, police reports and toxicological findings of the positive cases were recorded.
Analytical methods
Body fluids and tissue samples were sent to Tabouk
Introduction
Poisoning is a worldwide leading cause of unnatural deaths. The World Health Organization has reported about 370,000 poisoning-induced deaths annually, among which pesticides, drugs, and alcohol were the main toxic agents [1] . In the United States of America, over 72,000 drug overdose deaths were reported in 2017, including illicit drugs deaths, with more than a threefold increase in comparison to the reported poisoning-related deaths in 2002 [2] . In addition, poisoning deaths were reported to be about 60% of the undetermined unnatural fatalities [3] .
Drug overdose deaths are mainly related to their toxic effects on the body organs according to their mechanisms of action. CNS depression, cardiac arrest, hepatic and renal failure are major direct causes in drug related deaths [4, 5] .
For example, opiates γ-hydroxybutyrate (GHB) or benzodiazepines are represented by coma with central nervous system depression and cardio-respiratory failure. While sympathomimetics such as cocaine and amphetamine (AMP) are manifested as generalized sympathetic manifestations all over the different body systems, and death may occur due to heart failure [6] . Illicit drug overdose is a common accidental cause of death among addicts [7] . Illicit drugs can cause death via CNS depression or cardiac arrest [8] . In addition, they can induce behavioral disorders with depersonalization, increased violence and more susceptibility to attack others. Also, disorientation and lack of attention may occur resulting in a higher incidence of road traffic accidents and deaths [9, 10] . Furthermore, decreased inhibition and altered mood may predispose addicts to suicide attempts [11, 12] .
Toxicities can be caused by suicide attempts, accidental overdose, prescription errors, incompliant patients or accidental ingestions among children. In addition, accidental exposure to toxicants such as occupational exposure to pesticides, carbon monoxide (CO), or poisonous snakes and insects are still important causes of deaths [13, 14] . On the other hand, these toxicities may be homicidal, especially among the elderly who are maintained on cardiac or hypoglycemic medications that may be used by some of their relatives to kill them [15] . In addition, exposure to some 
Results
Data revealed that a total of 908 cases (84 female; 7.5%) and 824 (92.5%) were males underwent autopsy in the Northern Border Region within the period of the study.
Ages ranged from 4 months to 72 years. One hundred and forty-four autopsies (15.8%) showed positive toxicological screens (Table-2 (Table-3 ). Regarding ages, alcohol was the commonest among the middle-aged and elderly, while AMP was the highest among the autop- 
Discussion
This study evaluated the toxicological findings in re- Interestingly, there was no significant difference in the toxicology data of the autopsied cases in relation to their genders (Table-3 ). However, illicit drugs and substances are expected to be more common in males, as reported previously [16, 18, 19] . This difference may be due to the difference of the targeted group in the previous study and the current one, as we were only studying the autopsied cases;
whereas, the other studies targeted the pattern of illicit drug use among the general population.
Alcohol and illicit drugs (cannabis and AMP) were Positive toxicological findings were reported among 16% of the autopsied cases, which is slightly lower than reported in the Eastern Province (19.5%) during the years from 2009-2013 [16] . Also, the percentage in this study is double than in Turkey in the period from 1997-2001 [17] .
Toxicity was more common among males, especially in the middle-aged group, which is in accordance with previous studies [11, 16, 18, 19] . This is due to the increased use cases (63.8%)). Illicit drugs can play a role in the reported accidental causes of deaths. They may induce impaired consciousness, decrease alertness, and impair motor coordination. They may be used in suicide attempts, which may also involve road traffic accidents, electrocution, or jumping from heights [13] [14] [15] . Also, they can predispose users to sudden natural deaths such as sudden cardiac deaths (SCDs) [25] [26] [27] .
COP was reported in six cases, with reported COH levels over 40% as the cause of death. From these deaths, Burn associated deaths were reported on the first and second day after the burns occurred. Second day cases showed lower levels of COHb, which is expected due to the resuscitation attempts and washing of CO due to the applied treatment protocol. In addition, high COHb levels were reported in 2 cases of cardiac sudden natural deaths with COHb levels of 17% and 22% in which CO may have had a role. This is because CO can contribute to cardiac deaths even with low levels via different mechanisms [29, 30] .
Autopsy findings for alcohol and AMP were a mix between the pathological effect of the substances on health and the cause of death. In alcohol abusers, liver steatosis, fibrosis, and gastritis were constant findings, which is in line with previous published data about the health effects of alcohol [31] and other published data on autopsy findings. cal results. This is more than twice the percent reported in the Eastern Province study [16] . This may be due to the unavailability in the Northern Borders region, which has no agricultural activities to use pesticides which may be used to commit suicide. In addition, it may be due to other factors. These may include under-reporting of suicidal cases involving drug overdose, accidental overdose of illicit drugs, or accidental household exposure to CO. In Jordon, deaths from illicit drugs are below one quarter of the positive toxicological deaths found in this study. Opioids and benzodiazepines showed significant proportions in the deaths related to illicit drugs. However, cannabis and AMP were not detected in the autopsied cases. This different pattern of illicit substance abuse supports the view that availability of substances plays a major role in their price and controls their rate of abuse [13] .
Alcohol was the most common illicit substance found in the studied cases. This is in accordance with the results of the Eastern Province study [16] . The same was reported in studies from Sweden [20] and Jordan [21, 22] , as alcohol is a widely used illicit substance -even with its religious prohibition and illegal status. Also, local manufacturing and relatively cheap prices have increased its consumption.
In addition, its adulteration with methanol was found in ten cases with methanol levels ranging from 67-258 ng/mL.
Methanol has a greater depressive effect on the brain center with more incidence of metabolic acidosis [23] . [24] .
Regarding the mode of death, accidental deaths were the commonest among toxicologically positive cases (92 any funding agency in the public, commercial, or nonprofit sectors.
At the same time in AMP, loss of teeth, hypertensive left ventricular hypertrophy, and cerebral hemorrhage found in the autopsied cases were interesting findings that are in accordance with previously published data [32] .
For the other cases where poisoning was not reported as the direct cause of death, autopsy findings were different according to their reported cause of death which is beyond the scope of this study except that these accidental, homicidal or suicidal deaths may be related to the toxicological findings by altered conscious level or depersonalization and suicidal ideation which may be caused by the neuroactive substances.
Limitations
The 
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